The purpose of this paper is first to analyze the changes undergone by the reindeer population during the period 1938-1958 in terms of birth rate, death rate, and dispersal rate, and second to investigate the effect of herd size and composition on birth rate and dispersal rate.
Changes in total numbers
An over-all picture of the fluctuations in the Mackenzie Delta reindeer herd is shown in Figure 1 , which gives the changes in total numbers of all herds combined over the period . Error limits, represented by vertical lines, have been placed on those totals in which any estimation was involved. These error limits have been selected arbitrarily as + 20 per cent and -50 per cent of the estimates, since estimates of this type tend to be high rather than low (Pulk 1958) , and it is believed that this range should include the true number estimated. For example, if 1000 animals were estimated to have escaped corralling, the error limits on this estimate would be placed at 1000 -500 and 1000 + 200, or between 500 and 1200 animals.
The components on which this curve is based, that is, the main herd and the several native herds, could now be analyzed, but this does not seem necessary here. In summary, six native herds were cut out from the main herd between 1939 and 1954. Usually about 1200 to 1800 reindeer were used to start a native herd. Almost all native herds showed the same pattern of change, i.e., rising numbers for a few years and then a steady decline resulting in the liquidation of the herd when the remaining reindeer were returned to the main herd. Detailed information on all native herds may be found in Krebs (1959) .
Causes of changes in numbers
There are three forces that govern the rise and fall of all animal population -birth rate, death rate, and dispersal rate (immigration and emigration). Any fluctuation in total numbers can be ascribed to changes in one or more of these forces, and thus an assessment of these three factors is needed to analyze the population dynamics of any group of animals.
An assessment of these three factors for the Mackenzie Delta reindeer may be made in the following way. Birth rate may be measured by the annual number of fawns provided by actual counts made in late July each year at the roundup. This is of course not the true birth rate, since fawning occurs during April and May, but the fawn losses are almost always slight, approximately 2 to 15 per cent of the total fawns in this herd, in contrast to not infrequent heavy calf losses in the Canadian caribou (Kelsall 1957) . Death rate is derived from the known reductions through slaughter, sickness, injury, predators, drowning, and other causes that are recorded each month by the chief herder. Slaughter is by far the most important cause of death. Dispersal rate may be measured by the number of animals "unaccounted for." Each roundup count usually reveals a discrepancy between theoretical and actual herd size, which is tallied as the "number unaccounted for." By far the greater part of this figure is the result of losses from animals straying and hence this figure provides a measure of dispersal rate. The fate of these strays is usually death, although some do join caribou herds to the southeast. It should be realized that the "number unaccounted for" is not strictly an independent variable because it is obtained by subtraction and includes all errors made in assessing the other two variables. Nevertheless, it does not seem that this is a serious objection to the analysis because the two variables "number of fawns" and "number of reductions" are quite accurately determined by actual counts and the error involved in obtaining the "number unaccounted for" must be quite small. It should be clearly realized that in the following discussion both death rate and dispersal rate are factors acting to reduce herd size. The distinction between them regards the kind of reduction, death rate measuring principally the number slaughtered for food and dispersal rate the number lost by straying. The effect of these three primary factors of population fluctuations on the total annual increment of the herd may be analyzed by means of the techniques of multiple regression and correlation. An explanation of these techniques may be found in Snedecor (1956, Chapter 14) and Walker and Lev (1953, Chapter 13). There are two approaches we could use toward this problem: (1) analyze the three factors together, neglecting the fact that dispersal rate is not independently determined; or (2) analyze birth rate and death rate only, omitting the dispersal rate from the analysis. Statistically, however, both these approaches lead to the same numerical result, the dispersal rate of (1) being the equivalent of the error term (Snedecor 1956 ) of (2). The first approach will be used in the following analysis. Table 1 lists the figures for total annual increment, birth rate, death rate, and dispersal rate and forms the foundation on which the following analysis is based. Here again we are dealing with the over-all picture, the data for all herds combined.
The question we are attempting to answer using multiple regression analysis is this: which of the three factors of birth rate, death rate, and dispersal rate is most influential in determining the variations in the total annual increment to the herd? Because we are not interested in prediction and the geometrical form of the multiple regression equation, but rather in comparison of the relative importance of three factors, the multiple regression equation is more useful in its standard form. Using the Doolittle Method ( The negative values of b*y2.13 and b*,3.12 imply that as X2 or X3 increases, Y decreases. Since the standard partial regression coefficients are in standard measure and hence independent of the scale or variability of the variables, they can be compared directly. Since b*y3.12 is largest in absolute value, Xs, the dispersal rate, is the most important of these three factors in determining the variations in the value of Y, the total annual increment. Xz, the death rate, is of less importance, and XI, the birth rate, is of least importance in determining the variations in the value of Y (because b",z.13 > b*1.23).
The multiple correlation coefficient may be computed for the above regression to test the significance of the whole regression. This gives a perfect correlation, Indeed, this is just what would be expected, since by definition Ry.123 = 1.000
A more precise analysis of the relative importance of the three variables, X1, X2, and X3, may be made using a breakdown of the sums of squares as given by Snedecor (1956, p. 437). These results are given in Table 2 . For each of the three variables we obtain the sum of squares that is due to that particular variable after the effects of the other two variables have been removed, thus determining the amount of the total variation that may be attributed to that particular variable alone. Table 2 shows that Xs, the dispersal rate, accounts for nearly twice as much of the variation observed in Y as does XZ, the death rate, and for nearly five times as much of the variation observed in Y as does XI, the birth rate. 
Age distribution
The age distribution of a population is important from the point of view of both reproduction and mortality. Mortality usually varies with age and reproduction is restricted to certain age groups. The proportion of the reproducing fraction of the population determines in part the reproductive rate. An expanding population characteristically shows a prevalence of the young age groups.
Because of its domestic nature the reindeer presents a rather artificial age distribution. Because there is an annual selective slaughter of animals, the age distribution is directly affected by man and does not represent a situation that would be found in nature. The tendency at the annual slaughter is to select the older mature animals and the 5-to 7-year-old steers. Because of this the possibility exists of setting up an optimum age distribution that will afford a maximum rate of reproduction in conformity with the desired herd size, slaughter yield, and composition. In practice this optimum age distribution cannot be achieved because of practical difficulties, but it is at least approached. to 1950 include groups of animals whose numbers were estimated but which were not segregated into sex and age classes (usually less than 5 to 10 per cent of the total). These animals were distributed in all the sex and age classes in the same proportions as found in the segregated and classified groups. The data for the other years are actual counts. Some discrepancy will be noted from one year to the next in certain groups (e.g. fawns castrated in relation to yearling steers). These discrepancies are the result of two things: (1) inaccurate classification of animals by workers at the roundup; and (2) the apportionment procedure for incorporating unclassified groups into the totals. Table 4 summarizes the percentage age composition of the herd over t.he period 1938 to 1958 by giving the average and range for each age class in the population.
The question may be asked, what is the relationship between the sex and age distribution and the observed changes in abundance and productivity of the herd? Any changes caused by sex and age distribution must show their effects on the birth rate, the death rate, or the dispersal rate. Of these three we may dismiss the effects on the death rate because the death rate is artificially determined, being selective both to age and sex. 
Eflect on birth rate
Three factors that may directly affect the birth rate have been investigated: (1) number of adult females; (2) herd size; and (3) number of adult bulls. Because of the type of analysis involved it is necessary to restrict discussion to one herd, and hence the following analysis refers to the main herd only.
It would be expected that the number of adult females would affect the birth rate. The regression of the number of adult females against the number of fawns for the main herd only is shown in Figure 2 . Although the points are moderately scattered, the correlation coefficient (r = 0.91) is highly significant (P<0.0005). This regression indicates that over the interval covered by the data (number of adult females in the main herd 500-2400) the tendency is for the increase in number of fawns to be about 70 per cent of the increase in the number of adult females, i.e., the addition o f 100 more adult females to the herd would result on the average in the production of 70 more fawns per year. This suggests that fawn production per adult female occured at a relatively constant rate over the interval.
Herd size may affect the birth rate by way of its direct effect on the number of adult females and indirectly by the "herd effect", i.e. by the reproductive rate per adult female being a function of density or herd size. The difficulty encountered here is the separation of these two effects. This may be achieved by computing two regressions: (1) herd size against reproductive rate measured by fawndadult females expressed as a percentage (main herd only); and (2) herd size against the number of fawns produced (main herd only). The first regression measures only the "herd effect". This was calculated and gave a complete scatter of points (r = O.O), which suggests that no "herd effect" was in operation over the herd size range represented. The second regression in this case measures only the direct effect of increasing the number of adult females. This regression was calculated and, as would be expected, was very similar to Figure 2 and highly significant (r = 0.95, P<0.0005).
The number of adult bulls may affect the birth rate if it has any effect on the fertility rate of the cows. Many males are castrated each year to avoid difficulties in herd handling during the rut. It is believed that only about one male in seven is needed for adequate fertilization of the cows. A regression of number of adult bulls against number of fawns was calculated and showed a wide scatter of points with a weak positive correlation (r = 0.21, P<0.25). Thus it was concluded that the number of adult bulls showed very little relationship to the number of fawns produced within the limits of these data.
Eflect on dispersal rate
Two factors that might affect dispersal rate are herd size and number of yearlings.
Numerous authors have found in other animals that dispersal rate increases as the population size increases (Errington 1954 during the period 1938 to 1958 there is no apparent relation between herd size and number of straying losses. Nor does there appear to be any relation between herd size and the percentage loss by straying, the points again falling in a complete scatter. It is believed that most of the strays are yearling animals because this group as a whole tends to wander more than any other (Pulk 1958).
In view of this, the regression of the number of yearlings against the "number unaccounted for'' was calculated for the main herd over the period 1938 to 1958. This resulted in a complete horizontal scatter of points and a very low non-significant negative correlation (r = -0.10). This suggests that there is no relation between the number of yearlings in the herd and the number of straying losses.
In view of these facts and other information, it seems probable that the number of straying losses is determined principally by factors extrinsic to the herd itself, notably perhaps by weather, insects, and humans as well as by their many interactions. A brief history of the Mackenzie Delta reindeer herd is given. This herd has consisted of a nucleus main herd and native herds operated by Eskimo owners. All native herds but one have been liquidated. They show a recurrent pattern of rising numbers for a few years and then decline, usually resulting in liquidation of the herd. 2. The effect of each of the three population determining factors (birth rate, death rate, and dispersal rate) on the total annual increment to the herd is analyzed. It is shown that dispersal rate (losses by straying) was the most important factor and birth rate the least important factor in determining variations in the total annual increment to the herd over the period 1938 to 1958. The relative importance of each is indicated in the following ratio: birth rate, 0.2; death rate, 0.6; dispersal rate, 1.0. 3. The age distribution of the herd over this period is given. There is no evidence of any changing effect of the observed sex and age distributions on either birth rate or dispersal rate within the range of the data available. Dispersal is not related to herd size or to the number of yearlings present in the herd and appears to be primarily a function of factors extrinsic to the herd itself.
